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Establishing an Ecological Baseline of Macroinfaunal Assemblages in Nearshore 
Sediments of Southeast Florida 
 
ABSTRACT 
 
Changes in the biosphere require ecological baselines in order to compare past, 
present, and future conditions and identify their effects. Establishing ecological baselines 
for infauna in southeastern Florida is a key component to understanding effects of current 
and future disturbances; however, nearshore sediment infaunal communities are neither as 
thoroughly investigated nor as well understood as, for example, coral reefs, seagrass beds, 
and mangroves. Baseline studies help assess and monitor changes due, for example, to 
human population growth, sea level change, and global warming. Therefore, six benthic 
cores were collected quarterly from six locations from May 2015 to February 2016 using 
a 7.7-cm PVC corer to examine macroinfaunal composition, richness and diversity in 
relation to environment, month, and sediment characteristics (e.g., composition and 
sphericity). Results suggest a latitudinal gradient of infaunal abundance and diversity, 
which was negatively correlated with median grain size. The middle sites located nearer 
the Florida Current and adjacent to the extensive carbonate deep ridge complex recorded 
higher percentages of carbonate and median grain size than the northernmost and 
southernmost sites. The dominant fauna included polychaetes (chiefly Armandia agilis, 
Paraonis fulgens, and Leitoscoloplos fragilis), isopods (Eurydice piperata and Ancinus 
depressus), and mysid shrimp (Chlamydopleon dissimile). Polychaetes dominated most 
samples and sites; however, peracarid crustaceans (chiefly isopods) dominated three sites 
in May and four sites in February samples. The recency of beach replenishments showed 
no long term effects on the infauna. This study provides an initial baseline that will permit 
comparison with future macroinfaunal and sediment studies along the southeastern Florida 
coast.  
 
Keywords: Benthic communities – Nearshore sediments – Ecological Baselines – 
Invertebrates – Infauna  
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1. INTRODUCTION 
Nearshore sedimentary marine environments lie in the region beyond the shoreline 
wave break to just beyond the bar in the littoral zone; they vary among beaches and 
generally do not exceed 30 m in depth (Strahler and Strahler 2007; Wright et al. 2000). 
Such nearshore environments exposed to the open ocean are subject to greater water 
movement (e.g., wave action, turbulence) than other more protected coastal sedimentary 
environments, such as mudflats, mangrove habitats or bays (Wright et al. 2000; Colling 
2001; Stewart 2008). As a result, sediments associated with such exposed habitats are 
coarser and relatively nutrient-poor compared with more protected nearshore ecosystems, 
such as lagoons or marshes (Snelgrove and Butman et al. 1994; Ping Wang et al. 1998; 
Byers and Grabowski 2014; Harris and Stokesbury 2010; Harris et al. 2012; Wieser 1959). 
In addition, the combination of high energy and absence of hard substrates prevents 
establishment of macroalgal primary producers, which would generate both nutrients and 
a complex, three-dimensional habitat (Byers and Grabowski 2014; McLachlan et al. 1981). 
The combination of high energy, lower nutrient levels, coarse sediment and low habitat 
complexity support benthic communities low in both organism abundance and diversity 
(Oliver et al. 1980; Byers and Grabowski 2014; Wieser 1959).  
Organisms constituting benthic communities in sediment environments are 
distinguished by habitat—epifauna on the surface versus infauna within the sediment—
and size, e.g., macrofauna are collected on a 0.5-mm sieve, whereas meiofauna generally 
pass through a 0.5-mm sieve. Among infauna, macrofaunal taxa generally respond to 
pollution and physical disturbances more readily than meiofauna (Ellis et al. 2000; Austen 
et al. 1989; Thrush et al. 2003). Macrofauna are collected with larger cores than meiofauna 
and processed differently (Filho et al. 2011; Austen et al. 1989). Given the environment 
and size of targeted organisms, the main taxa expected to be found are spionid, capitellid, 
and orbinid polychaetes and peracarid crustaceans (e.g., corallanid and cirolanid isopods, 
bathyporeid amphipods, and bodotrid cumaceans) (Dahl 1952; Wieser 1959; Thrush et al. 
2003; Gorzelany and Nelson 1987; Dauer and Simon 1975; Filho et al. 2011).  
Similar studies suggest members of annelids, molluscs, crustaceans, and 
echinoderms as major components of infaunal communities on local and global scales 
(Messing and Dodge 1997; Dodge et al. 1991; Gorzelany and Nelson 1987; Dahl 1952). 
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Polychaete annelids are major and diverse components of both infaunal and epifaunal 
sediment communities around the world (Hutchings 1998). Numerous families, span a 
wide range of ecological niches and feeding guilds, with infaunal forms exhibiting 
decreased potential for mobility but greater protection from environmental changes than 
their epifaunal counterparts (Flint and Rabalais 1980). Polychaetes include species that 
represent bio-indicators for metal concentrations, water quality, and climate change 
(Lawrence 1996; Poirier et al. 2006; Soares-Gomes et al. 2012). Crustaceans are also 
notable bioindicators for pollution and climate change (Linton and Warner 2003).  
This study examines the composition, diversity and abundance of benthic infaunal 
assemblages along a latitudinal series of six exposed nearshore sedimentary habitats along 
the southeastern coast of Florida over a one-year period to establish a baseline dataset for 
understanding how these communities may vary in the future in response to factors such 
as increasing shoreline development and possible climate change. The study sites span a 
distance of about 115 km, from Stuart to Fort Lauderdale, and have been subject to many 
anthropogenic and natural disturbances, e.g., beach replenishment to mitigate erosion; 
storms, and human-influenced sediment and shoreline alterations (Florida Department of 
Environmental Protection 2016). Numbers of beach replenishments adjacent to the selected 
beaches and the data collected per replenishment have varied. Four of the six sites have 
been directly replenished within the past fifteen years (see below) (Florida Department of 
Environmental Protection 2016, Wang et al. no date, Wang no date, Division of Water 
Management 2015). As a result, this project investigates spatial and temporal distributions, 
composition (richness and diversity), and abundances of macroinfauna in order to establish 
a baseline for understanding possible effects of future beach replenishments and other 
disturbances to coastal ecology.  
1.1 Community Dynamics 
          Determining variations in community composition is essential to understanding 
potential effects of natural or anthropogenic disturbances (Austen et al. 1989; Warwick et 
al. 1990; Warwick and Clark 1991). Benthic macrofaunal composition and abundance can 
vary relatively rapidly due to weather, temperature, light, and tidal changes, so collections 
over the course of a year will reduce stochasticity (Alldredge and King 2014; Pacheco et 
al. 1980; Dauer and Simon 1975). Because a sufficient baseline does not yet exist along 
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this coast, anthropogenic changes to these habitats cannot currently be assessed. In a study 
examining a beach replenishment at Melbourne, FL, about 100 km north of the current 
study area, which included a series of quarterly samples, Gorzelany and Nelson (1987) 
concluded that the replenishment had little impact on infaunal assemblages, but noted that 
two species of Donax bivalves, which contributed over 60% of total infauna collected, 
migrated offshore for winter and may have skewed their results. In another assessment of 
beach replenishment, Dodge et al. (1991) noted an increase in faunal abundance and 
richness at two nearshore sites similar to but just south of those in the current study and 
suggested that the increase might have been the result of a “strong seasonal component”. 
Their samples were collected over about three weeks in March 1989, two months prior to 
the replenishment; August-September 1989, two months after the replenishment, and 
August-September 1990, one-year post replenishment. Although these previous studies 
provide some information about the macroinfaunal communities in the current study area, 
all straddled beach replenishment events, which represent major nearshore disturbances. 
Their datasets therefore cannot be treated as true baselines. They also only hinted at 
possible seasonal variations, which must be incorporated into baseline datasets. The current 
study attempts to fill some of these gaps by elucidating variations in macroinfaunal 
community assemblages in relation to sediment structure along a latitudinal gradient and 
over the course of an entire year to establish an ecological baseline for nearshore 
sedimentary habitats along the southeastern coast of Florida.  
1.2 Ecological Importance 
As noted above, polychaetes are important members of benthic food webs around 
the world (Hutchings 1998) and are major components of marine environments globally, 
including southeast Florida’s highly disturbed nearshore habitats (Petersen 1918; Dodge et 
al. 1991, 1993; Lenihan and Oliver 1995). Juvenile fish species, such as Haemulon sp., 
feed on members of Glyceridae and Nereidae (Haska et al. 1998). Crustaceans and 
mollusks also feed on infaunal polychaetes, making them an essential food web component 
(Hutchings 1998). Not only are polychaetes critical prey items, they also prey on other 
polychaetes, diatoms, foraminiferans, and other benthic organisms (Fauchauld and Jumars 
1979; Ambrose 1991). Fauchald and Jumars (1979) describe the various polychaete 
feeding guilds, which offer a different classification, given that polychaete taxonomy 
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continues to change with new genetic and morphological discoveries. Jumars et al. (2015) 
noted that some deposit-feeding polychaetes, such as Nereididae and Onuphidae, exhibit 
sequential omnivory, i.e., they consume different types food over the course of their lives. 
Deposit-feeding polychaetes also bioturbate the sediment and incorporate detrital material 
derived from the water column (Hutchings 1998), although not all detrital material is 
recycled (Jumars et al. 2015). As this process aerates the sediment, it facilitates succession 
post-disturbance (Lenihan and Oliver 1995). Deposit-feeding polychaetes may also change 
the reduction-oxidation conditions of the sediment, which affect other infauna (Jumars et 
al. 2015). Some polychaete species are also notable biological indicators in coastal 
communities for trace metals, pollutants, and climate change (Lawrence 1996; Olsgard et 
al. 2003; Poirier et al. 2006; Soares-Gomes et al. 2012). 
Crustaceans have been used as pollution indicators for sandy beach ecosystems 
such as those in the current study (Wenner 1988; Gesteira and Dauvin 2000). Amphipods 
have been used in historical bioassessment surveys for the Environmental Protection 
Agency (EPA), which provides data for comparison (Linton and Warner 2003). This 
compilation outlines the importance of using marine infauna as bioindicators and supports 
the current study’s claims for the necessity of an ecological baseline in southeastern 
Florida.  
1.3 Distribution and Abundances 
The southeastern Florida coastline runs essentially north-south through the study 
area, and the six sites lie along a latitudinal gradient, which may affect assemblage 
composition among sites (e.g., Warwick 1987; Mittelbach et al. 2007). Hard-substrate- and 
reef-associated communities exhibit substantial changes along this coastline, including 
significant latitudinal declines in stony coral (Scleractinia) species richness and growth 
rates (e.g., Moyer et al. 2003; Herren 2004; Gilliam 2007; Banks et al. 2008; Walker 2012), 
and ichthyofauna (Lindemann and Snyder 1999; Baron et al. 2004; CSA International Inc. 
2009; Banks et al. 2008). Although Walker (2012) focused on hard-substrate and seagrass 
habitats, his biogeographic habitat boundaries within this region, i.e., Hillsboro Inlet and 
the Bahamas Fracture Zone south of Lake Worth Inlet, might also impact infaunal 
communities. Nevertheless, many shallow-water marine species native to southeastern 
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Florida do occur as far north as the Carolinas (e.g., Ruppert and Fox 1988; Kensley and 
Schotte 1989; Mikkelsen and Bieler 2008).  
In addition, the carbonate concentration in sediment tends to increase along the 
southeastern Florida coast from north to south, while the silica concentration decreases 
(Houston and Dean 2014). Carbonate concentrations in the sediment are thought to increase 
to the south as distance from the source of the quartz increases, since carbonate sediments 
generally consist of a mixture of shell fragments, coral fragments, and calcareous algal 
fragments that wash ashore (Arthur 2012; Pilkey et al. 1967). Infaunal organisms have 
varying sediment preferences depending on grain size, composition, or other characters 
(Fauchald and Jumars 1979; Jumars et al. 2015). For example, among polychaetes, 
Pectinariidae tend to consume particles larger than the median grain size, while members 
of Spionidae and Terebellidae prefer sediments smaller than the median grain size (Jumars 
et al. 2015).  
The most common infaunal polychaete families recorded by Gorzelany and Nelson 
(1987) were Orbiniidae, Magelonidae, Paraonidae, and Onuphidae. Of their 99 listed 
species, several polychaetes, including Leitoscoloplos fragilis, an unidentified paraonid, 
and Neanthes succinea, were also collected at sites in the current study. Similarly, sites 
examined by Dodge et al. (1991, 1993) for replenishment projects in the late 1980s and 
1990s just south of the southernmost site in the current study (i.e., beaches at Hollywood, 
Hallandale and John U. Lloyd State Park, Dania Beach, FL) included representatives of 
many of the same polychaete families as in the current study (e.g., Dispio uncinata 
(Spionidae), Capitella capitata (Capitellidae), Armandia agilis (Opheliidae), Platynereis 
dumerilii (Nereidae), and Glycera americana (Glyceridae)). Some species were also found 
both in Dodge et al. (1991, 1993) and the current study (e.g., Paraonis fulgens and 
Armandia agilis).  
Among peracarid crustaceans, the current study recorded several species also found 
in previous studies: Ancinus depressus (Isopoda), Cyclaspis varians (Cumacea), 
Bowmaniella sp. (Mysida), and Bathyporeia parkeri (Amphipoda) in Gorzelany and 
Nelson (1987); Eudevanopus honduranus (Amphipoda), Bathyporeia parkeri 
(Amphipoda), Cyclaspis sp. (Cumacea) in Dodge et al. (1991), and Exosphaeroma 
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diminuta (Isopoda) and Cyclaspis varians (Cumacea) in Messing and Dodge (1997). As 
these previous studies were conducted north and south of the proposed study sites, possible 
factors underlying differences in assemblage composition between these studies may 
include a latitudinal gradient of change or differences in sedimentary environments 
(Hillebrand 2004; Houston and Dean 2014). 
1.4 Coastal Alteration Patterns and Trends 
Beach replenishment is the addition of sediment, usually sand, to a beach 
environment that has been eroded, due either to natural or anthropogenic causes, restoring 
it to a level that existed before the erosion, or to one required or desired to avoid damage 
to property, or other reasons (Finkl Jr. et al. 1997). The negative ecological impacts of 
beach nourishment have been noted (Peterson et al. 2000, 2006; Peterson and Bishop 2005; 
Speybroeck et al. 2006; Wilber et al. 2009; Leewis et al. 2012; Schlacher et al. 2008, 2012; 
Van Tomme et al. 2013). Shorelines change, they may either recede or accrete, due to 
storms and other natural phenomena, although these do not appear to cause long-term 
erosion (Zhang et al. 2002).   
Replenishment can severely impact water turbidity and alter fine-particle 
concentration in the water column, thus affecting the filter-feeders and deposit-feeders of 
infaunal communities (Roman-Sierra et al. 2011). Miller et al. (2002) compared natural 
sedimentation rates with artificial rates associated with dredging, but investigated a rate in 
between natural and artificial, which limited the study’s range of application. They 
concluded that infaunal communities can adapt to natural rates of sedimentation (e.g., due 
to currents and tides), but implied that elevated rates of sedimentation associated with 
dredging and replenishment would extinguish such communities.  
Gorzelany and Nelson's (1987) investigation of the effects of beach replenishment 
on benthic species concluded that replenishment had little effect but suggested that their 
results may have been skewed by close proximity of control sites to affected sites, or slight 
differences in grain size and sorting between natural and nourishment sand, in addition to 
seasonal migration of bivalves. As noted above, sediments in the three counties covered in 
the current study differ in silica and carbonate concentrations, with Martin County having 
the lowest silica concentration, Palm Beach highest, and Broward intermediate (Houston 
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and Dean 2014). Houston and Dean (2014) found a direct correlation between silica content 
in sediment and shoreline advance, indicating that nearshore sediment composition can 
predict areas needing replenishment in coming years.   
Interestingly, the beaches of Flagler County in north Florida have never been 
renourished and show the least amount of shoreline change compared to other counties 
(Houston and Dean 2014). Anthropogenic changes to the shoreline may thus alter the 
natural rate of shoreline change (see Pilkey and Cooper 2014). On the other hand, accretion 
of sand on unreplenished Flagler County beaches may be due to the natural configuration 
of the county’s coastline relative to the Atlantic. 
1.5 Sediment Characterization 
Source fill is the sand that is transported to the eroded beach. In recent years, source 
sediment was selected primarily for similarity in grain size to that of the renourished beach 
and beach slope post-replenishment. However, reduced availability of such similar source 
sediments has led to selection based mainly on economic constraints, which in turn has 
caused devastating effects to the biodiversity of nearshore environments (Nordstrom 
2005). Realizing the effects of transplanting dissimilar sediments to the beach environment 
was a key step in discovering ecological impacts on the benthic environment (Houston and 
Dean 2015; Viola et al. 2014; Wilber et al. 2009). However, this discovery revealed that 
limited data was available about community assemblages prior to the first replenishments.  
Eede et al. (2014) found that transplanted sediment with grain sizes between 200 
and 300 µm were most beneficial to macrobenthic communities. They produced a model 
of effects of replenishment on intertidal food webs in the Netherlands, where replenishment 
is common due to rising sea levels and low elevations. In determining effects of not 
matching grain sizes when conducting replenishments, Van Tomme et al. (2013) found 
that Eurydice isopods and Bathyporeia amphipods prefer finer (125-250 µm) sediments, 
but that an orbiniid polychaete had more general sediment grain-size preferences. Larger 
grain sizes (≥350 µm) seem to be more advantageous to generalist polychaetes and larger 
predators (Eede et al. 2014). As beach replenishments become increasingly common, 
matching the grain sizes will help preserve native community composition.   
Florida State University compiled data on beach replenishment projects of the 
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United States into an Access Database through the Beaches and Shores Research Center 
(discontinued in 2013) (Wang et al. no date: 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.503.3181&rep=rep1&type=pdf
). These beaches are all subjected to excessive disturbance by the high human population 
on the coastline, replenishments, and solid structure formation (seawalls), as well as natural 
impacts, e.g., storms. However, it is also important to note, as mentioned above, that four 
of the sites have been directly renourished within the last fifteen years: Stuart in 2005, 
Coral Cove and South Beach in 2014, and Lake Worth in 2015. Available records indicate 
that the other two sites have not been directly renourished for at least thirty years, although 
replenishment was carried out ~3 km north of the Fort Lauderdale Beach site in 2014 
(Florida Department of Environmental Protection 2016, Wang et al. no date, Wang, 
Division of Water Management 2015). The recent replenishments may have a lingering 
effect on resident benthic infaunal assemblages, although any differences may also result 
from multiple other factors (e.g., local flow conditions, shoreline configuration) that could 
not be controlled for within the limits of this study. 
1.6 Hypotheses 
H1: Infaunal species composition, abundance, diversity, and/or evenness do not vary 
latitudinally between sites.  
H2: Infaunal species composition, abundance, diversity, and evenness do not vary with 
sediment grain size or composition.  
H3: Recency of direct replenishment has no effect on species community composition. 
2. MATERIALS AND METHODS 
2.1 Locations 
      The six study sites were chosen at public beaches, from north to south (Figure 1), 
Stuart Public Beach (Martin County); Coral Cove Park, Tequesta; City Beach Park, Riviera 
Beach; R. G. Kreusler Park, Lake Worth; South Beach Park, Boca Raton (all Palm Beach 
County), and Fort Lauderdale Beach Park, Fort Lauderdale (Broward County). Each was 
located north of inlets to avoid complications associated with sediment loss that typically 
occurs south of inlets along Florida’s east coast (Dean and O’Brien 1987). The constant 
flow of water and fine-grained sediment into and out of inlets, often associated with inlet 
dredging, affects grain size in the nearby benthic habitats. Inlets promote sorting and 
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weathering to the south by increasing water flow south of the inlet, which skews data by 
altering sediment composition (Dean and O’Brien 1987).  
2.2 Sampling Period 
       Sites were sampled quarterly for one year to incorporate possible seasonal effects 
on the baseline, such as those described by Gorzelany and Nelson (1987). Collections 
began May 2015 during the new moon and followed at three-month intervals. Although 
lunar phase appears to affect emergence of some macroinvertebrates, such as amphipods 
and ostracods, more strongly, collection during the same phase was maintained to reduce 
any unknown effects on polychaetes (Pacheco et al. 2014). To limit possible additional diel 
migration effects on abundance, samples were collected during daylight hours, when 
infauna generally remain in the sediment (Alldredge and King 1980). 
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Figure 1. Location of study sites. Map source: Google Earth. 
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2.3 Sampling Procedures 
     Quantitative samples were collected by inserting a 7.7-cm PVC corer 5 cm into the 
sediment (volume per sample ≈176.28 cm3) just prior to or at the time of mean low tide 
over a two-day period each season (Cuffney et al. 1993). Samples were collected at Stuart 
Beach to City Beach on day one of each period, and Lake Worth to Fort Lauderdale on day 
two. Samples were taken from nearshore habitats beyond the nearshore bar just beyond the 
wave break at depths of 2-4 m. Distance from shore, between 5 and 30 m, depended on 
beach slope and overall morphology. Sediments from each site were characterized by grain 
size, composition, and sphericity.  
      Six replicates were taken at each site during each sampling effort. While in the water, 
the cores were transferred to Ziploc© bags and taken ashore and placed in a cooler with 
ice. Organisms were separated from sediment in the lab following Moulton et al. (2000): 
each sample was elutriated from a 1-gal bucket onto a 0.5-mm sieve and fixed in a 3% 
formalin solution on the same day as collection for at least 72 h. Samples were then rinsed 
and preserved in 70% ethanol for identification to lowest possible taxonomic level using a 
Leica MZ dissecting microscope and, when necessary, compound microscope. Specimens 
were subsequently placed in glass specimen jars for storage. 
      To show that the chosen sample size accurately represented the community 
assemblage, the following experiments were conducted. Two substantially larger samples 
(~933.75 cm3) were also collected from two sites (Coral Cove Park and Lake Worth) with 
a 15.42-cm PVC core of the same design. The larger samples were processed following the 
same procedure as with the 7.7-cm cores. Numbers of organisms from the six 7.7-cm 
replicates were averaged and proportions of each species were calculated for comparison 
with the larger samples. Numbers and proportions of taxa extracted from the large and 
small cores did not differ significantly (Coral Cove Park: t = 0.9904, df = 8, p-value = 
0.351; Lake Worth: t = -0.0246, df = 10, p-value = 0.9809), supporting the assumption that 
the 7.7-cm sample size provided an adequate representation of the macroinfaunal 
community at each site.  
Another 7.7-cm core was taken from the Coral Cove site and sorted without 
elutriation to determine whether elutriation was a statistically accurate method of 
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processing. Comparison of proportions of species collected without elutriation with the 
average from the six cores processed via elutriation from the same site found no significant 
difference between the two methods (t = 0.0076, df = 8, p-value = 0.9941). Elutriation was 
thus considered a time efficient and effective method of sorting organisms from the 
sediment.  
2.4 Abundance and Diversity 
     Because a current taxonomic key for Polychaeta of the east coast of South Florida 
does not exist, identifications were based on Uebelacker and Johnson (1984) (northern Gulf 
of Mexico), keys from other regions and identifications by Jennifer Davenport (Amec 
Foster Wheeler) and Jerry McLelland (Gulf Benthic Taxonomy Assessment, LLC) 
(Strelzov 1979, Hartman 1957, Mackie 1987, Santos and Simon 1974, Camp et al. 1998). 
Crustaceans were identified using keys from Kensley and Schotte (1989) for Isopoda; 
Heard et al. (2006, 2007) and Heard (1987) for Cumacea; Thomas (1993) and Lecroy 
(2000, 2002, 2004, 2007, 2011) for Amphipoda; Price (2009) for Mysida, and verifications 
with Dr. James Thomas (NSU) and Dr. Richard Heard (Univ. Southern Mississippi).  
      Shannon-Wiener Diversity Index values (H’) and Pielou’s Evenness Measurement 
(J) were calculated to investigate community assemblages at the six sites with univariate 
analyses. H’ values are primarily based on number of species and do not reflect the 
abundance of rare or common species in each core (Magurran 2013). For this reason, 
Pielou’s Evenness Measurement (J) was used, as it is able to determine the maximum 
possible diversity for each sample. These two measures were calculated and evaluated 
following previous studies in the area (Dodge et al. 1991, 1993; Messing and Dodge 1997). 
These values were analyzed in R studio with multiple analysis of variance, correlation, and 
regression to compare median grain sizes, sediment composition, species diversity, 
abundance, and evenness (R Studio 2012). Each variable was tested for normality with a 
Shapiro-Wilk test. Where ANOVAs were not applicable due to non-normality of data, 
Kruskal-Wallis nonparametric tests were run to determine whether any significant 
differences existed, followed by Nemenyi-Kruskal-Tukey post-hoc multiple comparison 
when the results were significant. 
Multivariate analysis was conducted in PRIMER 7 to determine site similarities 
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and differences in community composition and abundance (Clarke and Gorley 2001). The 
Bray Curtis similarity index was conducted for each core in order to create Nonmetric 
Multidimensional Scaling Plots (nMDS) for the sites by seasons. In addition, a one-way 
Analysis of Similarity (ANOSIM) tested for resemblance between site communities to 
determine if the samples within a site had were more similar than those from other sites 
(Anderson and Walsh 2013). If the   resulted in a difference, Species Accumulation and 
Species Analyses (SIMPER) were conducted to determine which species caused the 
differences. In PRIMER 7, Bio-Env Stepwise (BEST) analysis finds the “best” variable or 
combination of variables to explain community assemblage in relation to the environmental 
data to determine any between- sample patterns of community assemblage (Clarke and 
Gorley 2001). 
2.5 Sediment Analysis 
An additional core was taken from each site for sediment analysis during each 
quarterly sampling effort. Sediment samples were dried and analyzed for grain size, 
composition, and sphericity. Specific grain sizes of sediment can lead to inferences about 
benthic species composition to the family level, such as Bathyporeiidae (Amphipoda), 
Spionidae (Polychaeta), or Cirolanidae (Isopoda) (Eede et al. 2014). This allows 
community composition to be anticipated based on grain size distribution and sediment 
characterization. Sediment composition was measured by counting grains of terrigenous 
silica and biogenic carbonate grains in a square grid under a Leica MZ dissecting 
microscope.  
Filho et al. (2011) found that grain size distribution, morphodynamic state, and 
concentration of finer grains in the sediment are the main factors that structure benthic 
communities. The Army Corps of Engineers has used similar results as the basis of its 
attempts to match grain size of beach fill before authorizing it in replenishment projects 
(Wang et al. no date). However, Filho et al. (2011) suggested that factors such as slope and 
composition also contribute to the success of the ecosystem post-replenishment. Due to the 
limitations of this study, only grain size distribution, sphericity, and composition were 
measured and analyzed as continuous variables.  
Sphericity was measured using a CAMSIZER® (Retsch Technology), an 
instrument for measuring particle shape and other parameters, which determined how much 
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the grains resemble a sphere, ranging from 1 = perfectly spherical to 0. The more spherical 
a particle is, the more subject to erosion it will be because it will have a smaller surface 
area for resistance (Krumbein 1941). Erosion is one of the main natural events that give 
rise to the necessity of beach replenishment, so sphericity is an important measure to 
account for in studies of beach replenishment (Houston and Dean 2015).   
3.  RESULTS 
3.1 Infaunal Community Assemblage 
A total of 1,648 specimens belonging to 31 species of Polychaeta, Isopoda, 
Amphipoda, Cumacea, and Mysida were collected and identified from all sites. A few 
specimens of Decapoda, Nematoda, Medusae, Copepoda, Chaetognatha, and Gobiidae 
were also collected, but because the study’s methods did not collect these organisms 
consistently, they were excluded from multivariate analyses.  
3.1.1 Abundance  
Figure 2 illustrates and Table 1 summarizes the descriptive statistics for total 
infaunal abundances for each site by season, with August having higher values at four of 
the six sites (City Beach, Fort Lauderdale, Lake Worth, and Stuart). Lowest mean values 
were recorded at three sites in February, two sites in May and one in November. A Kruskal-
Wallis analysis (Table 2) found a significant difference within all sites (all p-values <0.05), 
and a Nemenyi-Kruskal-Tukey post-hoc multiple comparison test (Table 3) determined 
that August collections had significantly higher abundances than February collections at 
five of six sites (except South Beach), and higher abundances than May collections at three 
sites. At South Beach, all of the infaunal records for August fall within the interquartile 
range of the November collection which indicates how similar the two samples are, which 
is supported by the high p-value Table 3 (p= 0.8655).  
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Figure 2. Box and whiskers plot of infaunal abundances for each site by season. The middle line in 
each plot is the median for the six replicates for a given site and month. The boxes depict the 1st 
and 3rd quartiles of data, so the box represents the middle 50% of the total numbers of infauna 
collected for each site for each season. The vertical lines represent the least and greatest values 
excluding outliers for each site per season, while the points are outliers that are less than three-
halves lower than or greater than the least and greatest values, respectively. 
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Table 1. Descriptive statistics for infaunal abundances for each site and season. The median and 
Interquartile Range (IQR) is displayed in Figure 2 as the line in the center of the box and the box 
itself, respectively. 
Site Season Mean SD Range Median IQR 
Stuart             
  May 14.5 8.96 25 12 8.5 
  August 38.5 13.5 36 37.5 16.75 
  November 8.5 4.32 12 7.5 4.75 
  February 15.83 22.9 60 7 12.75 
Coral Cove             
  May 19.83 5.64 17 19.5 4 
  August 17 4.52 12 15 4.5 
  November 7 3.1 9 7 2.75 
  February 2.5 1.22 3 2 0 
City Beach             
  May 6 2.28 6 6.5 2.5 
  August 25.67 5.61 15 25 7.25 
  November 8.5 4.04 9 8.5 7 
  February 1.67 0.82 2 1.5 1 
Lake Worth             
  May 2.67 2.42 7 2.5 1.75 
  August 20 6.2 18 19 1.5 
  November 5.83 2.23 5 5 3.5 
  February 2.83 1.17 3 3 1.5 
South Beach             
  May 1.67 1.86 5 1.5 1.75 
  August 11.17 4.79 14 10 2.75 
  November 9.33 6.56 16 9.5 10 
  February 3.83 0.75 0.17 4 0.75 
Fort 
Lauderdale             
  May 5.83 2.4 7 5 1.5 
  August 24.33 10.3 21 20 17.75 
  November 19.33 9.95 25 17.5 13.75 
  February 2.33 1.51 3 2 2.75 
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Table 2. Left. Results of the Kruskal-Wallis analysis to determine whether any differences existed 
among monthly samples within each site. P-values <0.05 (yellow cells) indicate a significant 
differences. 
 
 
Table 3. Below. Results of the Nemenyi pairwise multiple comparisons to identify significant 
between-month differences by site. P-values are provided by a Tukey distribution. P-values <0.05 
(yellow cells) indicate a significant difference. 
 
Table 4 indicates abundances and average percent contributions of major taxa by 
site and sampling period with data represented graphically in Figures 3 and 4. Overall, 
polychaetes (56.4% of the 1,648 specimens in all samples) and isopods (21.2%) accounted 
for the majority of specimens. Polychaetes accounted for the majority of specimens at most 
sites in most samples and, at each site, were most abundant in August. However, isopods 
accounted for most specimens at four sites in February (Lake Worth 92.0%, South Beach 
66.7%, City Beach 69.2%, and Fort Lauderdale 41.2%), a near majority in February (Stuart 
41.2%), and majorities in May at Lake Worth (100%) and Coral Cove (99.2%). Cumacea 
was the most abundant taxon at Fort Lauderdale in November (41.8%) and also accounted 
Site P-Value Chi-squared df
Stuart 0.0162 10.303 3
Coral_Cove 0.0003 19.980 3
City_Beach 0.0002 18.284 3
Lake_Worth 0.0005 17.521 3
South_Beach 0.003 13.725 3
Fort_Lauderdale 0.0003 19.042 3
Site May-Aug May-Nov May-Feb Aug-Nov Aug-Feb Nov-Feb
Stuart 0.1960 0.7950 0.9140 0.0200 0.0420 0.9930
Coral_Cove 0.9802 0.0583 0.0012 0.1458 0.0049 0.6241
City_Beach 0.0500 0.9140 0.2950 0.2200 0.0001 0.0750
Lake_Worth 0.0014 0.2201 0.9919 0.2951 0.0039 0.3600
South_Beach 0.0034 0.0398 0.5327 0.8655 0.1598 0.5588
Fort_Lauderdale 0.0524 0.2117 0.5588 0.9282 0.0007 0.0064
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for substantial percentages of abundance at Fort Lauderdale in August (21.3%), Stuart in 
May (31.7%), and Coral Cove in November (42.2%). Of the other taxa, South Beach in 
May included high percentages of amphipods (42.9%), mysids (21.4%) and tanaidaceans 
(21.4%). Mysids were also important at Coral Cove in November (23.4%) and South Beach 
in November (41.7%). However, some of these latter large contributions were associated 
with small sample sizes. 
Overall, the Stuart, City Beach, Lake Worth, South Beach, and Fort Lauderdale 
sites were dominated by polychaetes (77.5%, 74.3%, 57.7%, 38.4%, and 56.7%, 
respectively), while the Coral Cove site was dominated by isopods (44.9%). The Lake 
Worth and South Beach sites contained higher percentages of isopods than the other 
polychaete-dominated sites (30.8% and 25.4%, respectively) (Table 4).  
Figure 4 shows the average percent each major phyla contributes to the infaunal 
community. This visualization of the percentages in Table 4 shows the polychaetous 
annelids (blue) and isopods (red) dominate most of the sample cores. The cumaceans 
(yellow) and amphipods (purple) also contribute to the community in fairly high levels.  
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Table 4. Infaunal abundances and percentages for each site by season and totals on the end. 
 
Site Taxa No. % No. % No. % No. % No. %
Stuart Polychaeta 40 48.8 235 95.5 45 76.3 55 56.7 375 77.5
Isopoda 11 13.4 6 2.4 2 3.4 40 41.2 59 12.2
Cumacea 26 31.7 2 0.8 4 6.8 0 0.0 32 6.6
Amphipoda 1 1.2 1 0.4 0 0.0 0 0.0 2 0.4
Mysida 1 1.2 1 0.4 5 8.5 0 0.0 7 1.4
Tanaidacea 0 0.0 1 0.4 0 0.0 0 0.0 1 0.2
Other 3 3.7 0 0.0 3 5.1 2 2.1 8 1.7
TOTAL 82 100.0 246 100.0 59 100.0 97 100.0 484 100.0
Coral Cove Polychaeta 1 0.8 83 72.2 11 17.2 10 71.4 105 33.7
Isopoda 118 99.2 19 16.5 1 1.6 2 14.3 140 44.9
Cumacea 0 0.0 10 8.7 27 42.2 0 0.0 37 11.9
Amphipoda 0 0.0 2 1.7 3 4.7 1 7.1 6 1.9
Mysida 0 0.0 0 0.0 15 23.4 0 0.0 15 4.8
Tanaidacea 0 0.0 1 0.9 0 0.0 0 0.0 1 0.3
Other 0 0.0 0 0.0 7 10.9 1 7.1 8 2.6
TOTAL 119 100.0 115 100.0 64 100.0 14 100.0 312 100.0
City Beach Polychaeta 15 38.5 151 91.0 33 64.7 1 7.7 200 74.3
Isopoda 11 28.2 6 3.6 1 2.0 9 69.2 27 10.0
Cumacea 7 17.9 4 2.4 4 7.8 0 0.0 15 5.6
Amphipoda 3 7.7 1 0.6 1 2.0 1 7.7 6 2.2
Mysida 3 7.7 1 0.6 8 15.7 0 0.0 12 4.5
Tanaidacea 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Other 0 0.0 3 1.8 4 7.8 2 15.4 9 3.3
TOTAL 39 100.0 166 100.0 51 100.0 13 100.0 269 100.0
Lake Worth Polychaeta 0 0.0 91 74.0 29 65.9 0 0.0 120 57.7
Isopoda 16 100.0 24 19.5 1 2.3 23 92.0 64 30.8
Cumacea 0 0.0 7 5.7 1 2.3 0 0.0 8 3.8
Amphipoda 0 0.0 0 0.0 1 2.3 0 0.0 1 0.5
Mysida 0 0.0 0 0.0 1 2.3 0 0.0 1 0.5
Tanaidacea 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Other 0 0.0 1 100.0 11 25.0 2 8.0 14 6.7
TOTAL 16 100.0 123 199.2 44 100.0 25 100.0 208 100.0
South Beach Polychaeta 1 7.1 38 65.5 12 33.3 2 6.7 53 38.4
Isopoda 1 7.1 14 24.1 0 0.0 20 66.7 35 25.4
Cumacea 0 0.0 1 1.7 1 2.8 2 6.7 4 2.9
Amphipoda 6 42.9 0 0.0 4 11.1 1 3.3 11 8.0
Mysida 3 21.4 0 0.0 15 41.7 1 3.3 19 13.8
Tanaidacea 3 21.4 1 1.7 0 0.0 0 0.0 4 2.9
Other 0 0.0 4 6.9 4 11.1 4 13.3 12 8.7
TOTAL 14 100.0 58 100.0 36 100.0 30 100.0 138 100.0
Fort Lauderdale Polychaeta 20 58.8 119 74.4 76 44.7 1 5.9 216 56.7
Isopoda 5 14.7 2 1.3 1 0.6 7 41.2 15 3.9
Cumacea 0 0.0 34 21.3 71 41.8 3 17.6 108 28.3
Amphipoda 3 8.8 0 0.0 11 6.5 1 5.9 15 3.9
Mysida 3 8.8 0 0.0 6 3.5 2 11.8 11 2.9
Tanaidacea 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Other 3 8.8 5 3.1 5 2.9 3 17.6 16 4.2
TOTAL 34 100.0 160 100.0 170 100.0 17 100.0 381 100.0
May Aug Nov Feb Total
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Figure 3. Abundance of each major taxon represented in the collection. The “Other” group includes 
components of the communities not collected in high abundance, such as Decapoda, Copepoda, 
Nematoda, Chaetognatha, Medusazoa, and Gobiidae. Error bars show the standard deviations for 
the means which are represented by the bars. 
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Figure 4. Stacked column plot showing the average percentages of infauna for each site by season. 
Data is present in Table 5. 
 
The most abundant species overall were the polychaetes Armandia agilis (484 
individuals) (Opheliidae), Paraonis fulgens (238) (Paraonidae), and Leitoscoloplos fragilis 
(146) (Orbiniidae), and the isopods Ancinus depressus (97) (Ancinidae), and Eurydice 
piperata (201) (Cirolanidae) (see Appendix A for a complete listing). Table 5 lists mean 
abundances and percentages for the most abundant species, while the “Other” category 
contains all other organisms collected at the site. A. agilis was the most abundant species 
at all sites in August and accounted for the greatest percent of the fauna at City Beach and 
Fort Lauderdale across all months (47.2% and 25.3%, respectively) (Table 5). P. fulgens 
represented the greatest percentage over all months at Stuart (32.9%), as well as highest 
percentages in City Beach (29.2%) and Lake Worth (28.2%) in November. L. fragilis 
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dominated the Lake Worth site across all months (27.7%), while A. depressus dominated 
the South Beach site across all months (14.9%) (aside from the Other category in Table 5). 
E. piperata was the dominant species at Coral Cove, accounting for 91.7% of the organisms 
in May and 38.5% across all months.  
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Table 5. Most common infaunal species for each site by quarter with totals.  
 
  
Site Taxa No. % No. % No. % No. % No. %
Stuart P. fulgens 29 32.2 39 16.7 37 57.8 54 55.7 159 32.9
Cy. varians 8 8.9 0 0.0 0 0.0 0 0.0 8 1.7
A. depressus 7 7.8 1 0.4 1 1.6 1 1.0 10 2.1
Eu. piperata 4 4.4 1 0.4 1 1.6 40 41.2 46 9.5
Ba. parkeri 8 8.9 5 2.1 0 0.0 0 0.0 13 2.7
L. fragilis 9 10.0 17 7.3 2 3.1 0 0.0 28 5.8
Cy. pustulata 17 18.9 2 0.9 4 6.3 0 0.0 23 4.8
Armandia agilis 0 0.0 158 67.8 0 0.0 0 0.0 158 32.6
Other 8 8.9 10 4.3 19 29.7 2 2.1 39 8.1
TOTAL 90 100.0 233 100.0 64 100.0 97 100.0 484 100.0
Coral Cove P. fulgens 0 0.0 8 7.8 1 2.0 3 21.4 12 4.2
Cy. varians 0 0.0 1 1.0 4 7.8 0 0.0 5 1.7
Ch. dissimilis 0 0.0 1 1.0 15 29.4 0 0.0 16 5.6
Eu. piperata 111 91.7 0 0.0 0 0.0 0 0.0 111 38.5
Cy. pustulata 0 0.0 6 5.9 21 41.2 0 0.0 27 9.4
Dispio uncinata 0 0.0 6 5.9 2 3.9 7 50.0 15 5.2
Armandia agilis 0 0.0 59 57.8 0 0.0 0 0.0 59 20.5
Other 10 8.3 21 20.6 8 15.7 4 28.6 43 14.9
TOTAL 121 100.0 102 100.0 51 100.0 14 100.0 288 100.0
City Beach P. fulgens 2 5.0 11 7.1 14 29.2 0 0.0 27 10.6
Dispio uncinata 9 22.5 8 5.2 5 10.4 1 8.3 23 9.1
A. depressus 11 27.5 6 3.9 4 8.3 1 8.3 22 8.7
Cy. pustulata 5 12.5 1 0.6 3 6.3 0 0.0 9 3.5
Eu. piperata 0 0.0 0 0.0 0 0.0 8 66.7 8 3.1
L. fragilis 0 0.0 12 7.8 5 10.4 0 0.0 17 6.7
Armandia agilis 4 10.0 112 72.7 4 8.3 0 0.0 120 47.2
Other 9 22.5 4 2.6 13 27.1 2 16.7 28 11.0
TOTAL 40 100.0 154 100.0 48 100.0 12 100.0 254 100.0
Lake Worth P. fulgens 0 0.0 0 0.0 11 28.2 0 0.0 11 5.2
E. diminuta 6 35.3 0 0.0 0 0.0 4 16.7 10 4.7
A. depressus 0 0.0 18 13.5 0 0.0 2 8.3 20 9.4
Eu. piperata 10 58.8 1 0.8 1 2.6 16 66.7 28 13.1
Dispio uncinata 0 0.0 3 2.3 5 12.8 0 0.0 8 3.8
L. fragilis 0 0.0 53 39.8 6 15.4 0 0.0 59 27.7
Armandia agilis 0 0.0 29 21.8 6 15.4 0 0.0 35 16.4
Other 1 5.9 29 21.8 10 25.6 2 8.3 42 19.7
TOTAL 17 100.0 133 100.0 39 100.0 24 100.0 213 100.0
South Beach P. fulgens 0 0.0 0 0.0 4 10.8 0 0.0 4 2.6
Bat. catharinensis 0 0.0 11 13.9 0 0.0 0 0.0 11 7.1
A. depressus 1 7.7 12 15.2 0 0.0 10 40.0 23 14.9
Ch. dissimilis 2 15.4 0 0.0 15 40.5 1 4.0 18 11.7
Dispio uncinata 1 7.7 6 7.6 2 5.4 0 0.0 9 5.8
L. fragilis 0 0.0 8 10.1 10 27.0 0 0.0 18 11.7
Armandia agilis 0 0.0 19 24.1 0 0.0 0 0.0 19 12.3
Eu. piperata 0 0.0 0 0.0 0 0.0 8 32.0 8 5.2
G. longimerus 0 0.0 6 7.6 0 0.0 0 0.0 6 3.9
T. psammophilus 3 23.1 0 0.0 1 2.7 0 0.0 4 2.6
Other 6 46.2 17 21.5 5 13.5 6 24.0 34 22.1
TOTAL 13 100.0 79 100.0 37 100.0 25 100.0 154 100.0
Fort Lauderdale P. fulgens 3 8.6 20 12.3 1 0.7 1 5.9 25 6.8
A. depressus 3 8.6 2 1.2 1 0.7 7 41.2 13 3.5
Cy. pustulata 0 0.0 16 9.9 56 36.6 0 0.0 72 19.6
Cy. varians 0 0.0 10 6.2 15 9.8 0 0.0 25 6.8
Dispio uncinata 4 11.4 3 1.9 25 16.3 2 11.8 34 9.3
L. fragilis 0 0.0 7 4.3 15 9.8 0 0.0 22 6.0
Bat. catharinensis 0 0.0 27 16.7 0 0.0 0 0.0 27 7.4
Armandia agilis 10 28.6 59 36.4 24 15.7 0 0.0 93 25.3
Other 15 42.9 18 11.1 16 10.5 7 41.2 56 15.3
TOTAL 35 100.0 162 100.0 153 100.0 17 100.0 367 100.0
May Aug Nov Feb Total
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3.1.2 Species Richness (S), Diversity (H’), and Evenness (J’) 
By month, highest mean species richness values (S) were recorded in August at 
every site except for an August-November tie (4.500) at City Beach (Table 6). By site, the 
highest richness values were recorded at Fort Lauderdale in August (7.667) and November 
(6.167), Stuart in May (5.167), and South Beach in February (2.833). Richness was lowest 
in February at all sites except South Beach (May). May and November had the largest 
ranges for species richness, but the November values (6.167-2.500) were higher than in 
May (5.167-1.500).  
By month, mean diversity (H’) was highest in August at three sites (Coral Cove, 
Lake Worth, South Beach), in May and November at one site each (Stuart and City Beach, 
respectively), and similarly high at Fort Lauderdale in August and November. By site, 
diversity was highest at Fort Lauderdale in every month except February, when the highest 
value was at South Beach. Diversity was lowest in February at three sites (Stuart, City 
Beach, and Fort Lauderdale) and May at three sites (Coral Cove, Lake Worth, and South 
Beach). Mean diversity indices spanned the widest range among sites in May (0.1243-
1.3783), with much narrower ranges in the other three months: August (0.8965-1.6642), 
November (0.7563-1.6653), and February (0.1155-0.8302). 
Although mean richness and diversity index values revealed no distinct latitudinal 
gradient in any month (Table 6), linear regressions calculated for all samples revealed 
positive north to south trends in both values in all months except May (Figures 5 and 6). 
The wide standard error range for diversity in May (Figure 6) reflects a particularly wide 
range of values during this month, and no positive trend. A Kruskal-Wallis chi-squared test 
(17.34, df = 5, p-value = 0.003898) found a significant difference among diversity values 
with decreasing latitude, and a Nemenyi-Kruskal-Tukey post-hoc multiple comparison was 
run to determine where the differences lay found that the diversity index at the Fort 
Lauderdale site was significantly greater than at the Coral Cove and Lake Worth sites (p = 
0.0053 and p = 0.0074, respectively). 
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Table 6. Species richness (S), Shannon-Wiener Diversity index (H’), evenness (J’), and mean infaunal 
abundance by site and month. Values are means of the six replicates per sampling. 
 
Site Season Mean S Mean_H' Mean_J' Mean_Abundance 
Stuart      
  May 5.167 1.369 0.6513 14.5 
  August 5.500 0.9153 0.4355 38.5 
  November 3.833 0.7563 0.3598 8.5 
  February 1.833 0.3215 0.1529 15.8333 
Coral Cove      
  May 2.000 0.1243 0.0592 19.8333 
  August 4.667 1.2623 0.6005 17 
  November 3.333 0.9328 0.4438 7 
  February 1.667 0.5453 0.2594 2.5 
City Beach      
  May 3.833 1.0918 0.5194 6 
  August 4.500 0.8965 0.4265 25.6667 
  November 4.500 1.3535 0.6439 8.5 
  February 1.333 0.1155 0.0549 1.6667 
Lake Worth      
  May 1.500 0.3355 0.1596 2.6667 
  August 6.833 1.2252 0.5829 20 
  November 3.833 1.0585 0.5036 5.8333 
  February 1.833 0.3716 0.1768 2.8333 
South Beach      
  May 1.667 0.5147 0.2448 1.6667 
  August 6.833 1.5842 0.7536 11.1667 
  November 2.500 1.049 0.499 9.3333 
  February 2.833 0.8302 0.3949 3.8333 
Fort Lauderdale      
  May 4.000 1.3783 0.6557 5.8333 
  August 7.667 1.6642 0.7917 24.3333 
  November 6.167 1.6653 0.7923 19.3333 
  February 2.167 0.3923 0.1866 2.3333 
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Figure 5. Line plots of Species Richness (S) values for each site (ST=Stuart, CC= Coral Cove, CB=City 
Beach, LW=Lake Worth, SB= South Beach, and FL= Fort Lauderdale) by month with a linear 
regression showing a general positive trend from north to south in all months but May. Each point 
at a site in a given month is the species richness value for a replicate core sample. Sites with fewer 
than six points indicate duplicate values. The line in each month represents the linear regression 
model, and the grey area shows the standard error from the regression line. 
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Figure 6. Line plots of Shannon-Wiener Diversity indices for each site by month with a linear 
regression showing a positive trend from north to south, again except for May. Abbreviations and 
graphics as in Figure 5. 
 
Pielou’s Evenness Measurement was calculated for each core (mean values in Table 
6). The data was not normally distributed, and a non-parametric Kruskal-Wallis test found 
that values at Fort Lauderdale differed significantly from those at Coral Cove and Lake 
Worth (p = 0.0053 and p=0.0074, respectively), with no other significant between-site 
differences.  By month, mean evenness values (J’) were highest in November at two sites 
(Fort Lauderdale and City Beach), in August at three sites (Coral Cove, Lake Worth, and 
South Beach), and similarly high at Stuart in May. Mean evenness values spanned the 
widest range among sites in May (0.6557-0.0592), with narrower ranges in the other three 
months: August (0.7917-0.4265), November (0.7923-0.3598), and February (0.3949-
0.0549). 
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3.2 Sediment Analysis 
3.2.1 Sediment Composition 
 By site, mean carbonate content followed similar trends in May, August and 
November: lowest at the Stuart site (39.67%, 12.67%, and 12.67%, respectively), higher at 
Coral Cove (72.67%, 78.33%, and 68.00%), highest at City Beach (90.00%, 92.33%, and 
83.33%), and diminishing southward in succession at the next three sites to minima at Fort 
Lauderdale (40.67%, 30.00%, and 57.33%) only slightly higher than at Stuart. In February 
by contrast, the greatest carbonate contribution was at Coral Cove (90.67%) and the lowest 
at South Beach (36.67%) (Table 11, Figure 7). The data were not normally distributed, and 
a Kruskal-Wallis statistical analysis determined that significant differences existed 
between carbonate contributions (Table 7). Table 8 shows the results of a Nemenyi-
Kruskal-Tukey post-hoc multiple comparison test, which found significant differences as 
follows. Both the Stuart and Fort Lauderdale sites differed from the Coral Cove, City 
Beach, and Lake Worth sites; South Beach site differed from the Coral Cove and City 
Beach sites, and Lake Worth differed from the Stuart and South Beach sites.  
 
Table 7. Results of the Kruskal-Wallis analysis of percent carbonate to determine whether any 
differences existed among monthly samples within each site. P-values <0.05 (yellow cells) indicate 
a significant differences. 
 
 
 
 
 
 
 
Site P-Value Chi-squared df
Stuart 0.0001 20.282 3
Coral Cove 0.0084 11.723 3
City Beach 0.0008 16.753 3
Lake Worth 0.0104 11.249 3
South Beach 0.0011 16.017 3
Fort Lauderdale 0.0001 15.138 3
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Table 8. Results of the Nemenyi pairwise multiple comparisons for percent carbonate to identify 
significant between-month differences by site. P-values are provided by a Tukey distribution. P-
values <0.05 (yellow cells) indicate a significant difference. 
 
  
     Although peak contributions of carbonate to sediments never occurred at the 
northernmost site, linear regressions revealed that carbonate contributions decreased at 
least slightly from north to south in May, August and February, with a reverse trend in 
November (Figure 7). The latter pattern appears due to the extremely low mean values at 
Stuart in that month relative to the other sites, despite the same hump pattern with the City 
Beach peak as in May and August. Similarly, February maintained the north-to-south 
decrease despite the absence of the hump pattern resulting from relatively low carbonate 
contributions at City Beach, Lake Worth and South Beach. 
Site May-Aug May-Nov May-Feb Aug-Nov Aug-Feb Nov-Feb
Stuart 0.0398 0.2951 0.4559 0.8058 0.0002 0.0069
Coral Cove 0.3950 0.7840 0.1660 0.0580 0.9610 0.0140
City Beach 0.9516 0.5458 0.0074 0.2466 0.0011 0.2375
Lake Worth 0.8369 1.0000 0.0919 0.8467 0.0085 0.0876
South Beach 0.9919 0.1458 0.2559 0.0754 0.4067 0.0004
Fort Lauderdale 0.4940 0.1112 0.5719 0.0015 0.0355 0.7725
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Figure 7. Percentage of carbonate sediments for each site. Abbreviations and graphics as in Figure 
5. 
 Following this, the Nemenyi-Kruskal-Tukey post-hoc multiple comparison test 
was conducted, revealing significant differences between the Stuart site and the Coral 
Cove, City Beach, and Lake Worth sites with a p-value of 0.05. There were significant 
differences in percentage of carbonate between the South Beach site and the Coral Cove 
and City Beach sites (p = 3.3e-05, p = 3.3e-06, respectively). Fort Lauderdale was 
significantly different from the Coral Cove, City Beach, and Lake Worth sites (p = 1.1e-
06, p = 8.2e-08, p = 0.0022, respectively). Lake Worth was significantly different from the 
Stuart and South Beach sites (p = 9.7e-06, p = 0.0216, respectively). As the current study 
only lasted for one year, seasonal changes could not adequately be compared, but there 
appeared to be no difference in percentage of carbonate sediments by month.  
3.2.2 Grain Size 
Median grain sizes combined for all replicates and months (Figure 8) differed 
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significantly between sites (Kruskal-Wallis chi-squared = 74.9988, df = 5, p-value = 
9.308e-15). The Nemenyi-Kruskal-Tukey post-hoc multiple comparison test found that the 
City Beach and Lake Worth sites differed significantly different from all other sites, but 
not from each other. The Fort Lauderdale site also had the significantly lower median grain 
size than all other sites, except South Beach (Kruskal-Wallis chi-squared = 57.583, df= 5, 
p-value= 3.834e-11) (Table 9). By month, the Kruskal-Tukey post-hoc multiple 
comparison test found a significant difference at Fort Lauderdale between cores collected 
in February versus both August and May (p-value = 0.0074 and p-value = 0.0085, 
respectively) (Table 10). In addition, median grain size differed significantly between May 
and November at both Lake Worth and South Beach (p-value< 0.05: see Table 10).  
 
Table 9. Results of the Kruskal-Wallis analysis of median grain size to determine whether any 
differences existed among monthly samples within each site. P-values <0.05 (yellow cells) indicate 
a significant differences. 
 
Table 10. Results of the Nemenyi pairwise multiple comparisons to identify significant 
between-month differences by site. P-values are provided by a Tukey distribution. P-values <0.05 
(yellow cells) indicate a significant difference. 
 
 
 
 
Site P-Value Chi-squareddf
Stuart 0.007 12.008 3
Coral Cove 0.0368 8.493 3
City Beach 0.0131 10.757 3
Lake Worth 0.005 12.879 3
South Beach 0.0088 11.612 3
Fort Lauderdale 0.0028 14.054 3
Site May-Aug May-Nov May-Feb Aug-Nov Aug-Feb Nov-Feb
Stuart 0.6628 0.5849 0.0039 0.9993 0.1112 0.1485
Coral Cove 0.9980 0.6630 0.3160 0.7610 0.2380 0.0220
City Beach 0.9567 0.2287 0.6111 0.0754 0.8914 0.0097
Lake Worth 0.9658 0.0282 0.5198 0.0064 0.2559 0.4940
South Beach 0.8910 0.0150 0.0880 0.1060 0.3600 0.9210
Fort Lauderdale 1.0000 0.3714 0.0085 0.3487 0.0074 0.4068
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Figure 8. Boxplot of median grain sizes combined for all replicates and months at each site. 
Horizontal lines in boxes are medians for each site; boxes represent the interquartile range for 
each site. Other graphics are as in Figure 5. 
 
3.2.3 Sphericity 
     Mean sphericity differed significantly between the sites (chi-squared=41.7213, df=5, p-
value=6.7e-8) and months (chi-squared=38.5646, df=3, p-value=2.1e-8) (Table 11). By site, mean 
sphericity at City Beach differed significantly from Coral Cove, Lake Worth, and Fort Lauderdale 
(Nemenyi-Kruskal-Tukey post-hoc multiple comparison test). By month, mean sphericity 
differed between November and both February and May collections (p-value = 0.0001 and 
7.4e-8, respectively) and between August and May (p-value= 0.0006) over all sites. The 
sediment grains were more spherical (higher mean sphericity) during May at Stuart, South 
Beach, and Fort Lauderdale (0.6100, 0.612, and 0.682, respectively), and in February at 
Coral Cove, Lake Worth, and City Beach (0.7700, 0.729, and 0.55, respectively). In May 
and February, Coral Cove had the most spherical sediments, while Fort Lauderdale had the 
highest sphericity in August and November. City Beach had the lowest mean sphericity 
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during May, August, and November, but Fort Lauderdale had the lowest sphericity in 
February, indicating no real consistent pattern for sphericity.  
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Table 11. Mean and standard deviation values for percent carbonate, median grain size, and 
sphericity. 
 
 
3.3 Multivariate Analysis 
3.3.1 Community Multivariate Analysis 
The nMDS analysis returned four core samples at a great distance from the cluster 
of other samples, reflecting the low numbers of organisms collected in these cores: South 
Site Month Mean SD Mean SD Mean SD
Stuart
May 39.67 2.94 0.413 0.296 0.61 0.023
Aug 12.67 5.00 0.514 0.126 0.553 0.015
Nov 19.33 6.02 0.528 0.128 0.492 0.006
Feb 59.00 5.76 0.873 0.225 0.521 0.007
Coral Cove
May 72.67 6.02 0.654 0.216 0.729 0.012
Aug 78.33 5.99 0.619 0.151 0.509 0.008
Nov 68.00 5.80 0.521 0.126 0.553 0.024
Feb 80.67 3.27 0.870 0.227 0.77 0.002
City Beach
May 90.00 4.56 0.812 0.253 0.501 0.014
Aug 92.33 2.94 0.735 0.178 0.415 0.006
Nov 83.33 5.89 1.195 0.309 0.39 0.006
Feb 51.00 6.30 0.633 0.160 0.555 0.005
Lake Worth
May 70.33 7.31 0.664 0.214 0.613 0.006
Aug 73.33 2.73 0.610 0.152 0.642 0.005
Nov 69.67 7.31 1.222 0.300 0.425 0.008
Feb 52.33 11.90 0.880 0.221 0.729 0.019
South Beach
May 48.67 6.89 0.336 0.107 0.612 0.020
Aug 47.33 3.93 0.397 0.117 0.42 0.007
Nov 62.33 7.09 0.625 0.152 0.525 0.007
Feb 36.67 9.09 0.541 0.135 0.559 0.006
Fort Lauderdale
May 40.67 9.52 0.264 0.085 0.682 0.006
Aug 30.00 6.81 0.263 0.063 0.665 0.017
Nov 57.33 9.77 0.378 0.093 0.592 0.005
Feb 49.67 7.73 0.548 0.137 0.517 0.011
Carbonate Percentage Median Grain Size Mean Sphericity
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Beach (May replicate 1) and Lake Worth (May replicate 2) contained only one bivalve 
each, and South Beach (November replicate 3) and City Beach (February replicate 2) 
contained no organisms (Figure 9).   
 
Figure 9. nMDS plot of the community composition for each month (May, August, 
November, and February) and site (Stuart=1, Coral Cove=2, City Beach=3, Lake Worth=4, 
South Beach=5, and Fort Lauderdale= 6). Four outliers are visible in the plot: South Beach 
(May replicate 1), Lake Worth (May replicate 2), South Beach (November replicate 3), and 
City Beach (February replicate 2) 
 
Figure 10 shows the nMDS plot excluding the outliers. Obvious clusters reflecting 
distinct assemblages include Coral Cove (May) and Lake Worth (May and February) 
closely overlapping at far right; Stuart (February) at lower right center, South Beach 
(February) along upper right center, and Fort Lauderdale (February) across the top. The 
close grouping of the August samples (dark blue ellipse) in the center reflects relatively 
more similar  community composition across sites relative to the other months, with 
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November (light blue), February (red) and May (green ellipse) having increasingly 
dissimilar communities among sites as is apparent in each following plot. 
          Figures 11 (A-F) allow comparisons for within site community similarities minus 
the points from the other sites to eliminate excess points. Figure 11 A shows the nMDS 
plot for the Stuart sites, and illustrates the very similar community compositions for Stuart 
within August and the fairly similar communities for February mentioned above. In Figure 
11 B, the close grouping of the May collections in Coral Cove is more visible as is a visible 
similarity within the November sample cores, and the general dissimilarity of the February 
sample. Figure 11 C shows the tight clustering of the samples for August in City Beach, 
but the spread of February samples is wide indicating limited similarity between 
communities (one February sampling point is an outlier and two others overlap with other 
points from February). Figure 11 D distinguishes the August and November samples of 
Lake Worth which contained numerous polychaetes in the community assemblage, 
whereas the May and February samples were mainly comprised of isopods. Focusing on 
the South Beach sites (Figure 11 E), the August sites continue to cluster, but interestingly, 
the February sites also showed grouping which is interesting as the other slights showed 
very little grouping for that month. In Figure 11 F, August and November display high 
similar within and among the months, but the spread of May and February samples is 
apparent.  
An ANOSIM conducted on the community composition data to determine whether 
significant differences existed among sites found an overall effect of site (R=0.501, 
p=0.0001) and month (R=0.448, p= 0.0001).  
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Figure 10. nMDS plot of community composition excluding outliers (Figure 9) by month (May, 
August, November, and February) and site. Sites are numbered as in Figure 9. The ellipses 
surround all samples for a given month.  
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Figure 11. A-F (above and following) are nMDS plots as in Figure 10 with only the points plotted 
for each site (A. Stuart, B. Coral Cove, C. City Beach, D. Lake Worth, E. South Beach, and F. Fort 
Lauderdale). The plots exclude the four outliers, and some similar points overlap. Ellipses reflect 
non-quantitative but relatively close clusters of samples by month for illustrative purposes. 
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Following the ANOSIM analysis, a SIMPER analysis, conducted to determine 
which species were responsible for the major differences among assemblages, suggested 
that the difference between Stuart and Coral Cove was due higher abundance of P. fulgens 
and A. agilis, and lower abundance of E. piperata and D. uncinata at Stuart. The Stuart site 
also had higher abundances of P. fulgens, A. agilis, E. piperata, and L. fragilis than the 
South Beach site. The Fort Lauderdale site had higher numbers of A. agilis, C. pustulata, 
and D. uncinata but fewer P. fulgens than the Stuart site. The Stuart and Lake Worth sites 
had similar abundances E. piperata and L. fragilis, but Stuart had higher abundances of P. 
fulgens and A. agilis. The Fort Lauderdale site differed significantly from Lake Worth in 
having greater abundances of A. agilis, C. pustulata, and D. uncinata but fewer E. piperata 
and L. fragilis.  
3.3.2 Sediment Multivariate Analysis 
          Figure 12 shows the PCA analysis of sediment parameters, where the points are 
plotted with respect to their correlation with PC1 and PC2. PC1 accounted for 93% of total 
variance in sediment parameters, and PC2 accounts for 6%. PC3 was not graphed, because 
Fort Lauderdale
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2D Stress: 0.13
F. 
48 
it accounted for only 1% of total variance (Clarke and Warwick 1994). The small cluster 
of City Beach and Lake Worth sites from November to the right indicate that these sites 
are more positively correlated with PC1, which is strongly positively correlated with 
median grain size (0.67) and negatively correlated with percent quartz (-0.55) and mean 
sphericity (-0.51) (Table 12). The May and August Fort Lauderdale cores both fall out on 
the left, strongly negatively correlated with PC1. The August and November Stuart 
collections at lower left reflect placement on the negative scale for PC1 and PC2, indicating 
they are more strongly related to percent quartz (-0.55 and -0.66, respectively). The May 
and February Coral Cove samples correlated positively with increasing PC2, indicating the 
sediment was characterized by higher mean sphericity than at other sites and months 
(Figure 12). The South Beach site’s sample points, generally in the center of the figure near 
PC1=0 and PC2=0, reflect no strong relationship with any of the parameters.   
 
Table 12. The PC values for the PCA Analysis in Figure 11.  
 
Variable PC1 PC2 PC3
Median Grain Size 0.67 0.03 0.75
Mean Sphericity -0.51 0.75 0.42
Percent Quartz -0.55 -0.66 0.52
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Figure 12. The PCA analysis showing the analysis between each site (ST=Stuart, CC= Coral Cove, 
CB=City Beach, LW= Lake Worth, SB=South Beach, and FT= Fort Lauderdale) by season (1=May, 
2=August, 3=November, and 4=February).  
 
          A SIMPER analysis, run to determine where the differences in sites lay (Table 13), 
suggests that the site groups accounted for 95.0% of the differences in environmental data, 
which includes median grain size, mean sphericity, and percent of silica present, while 
months accounted for less than 2% of the differences (R= 0.95, p=0.01, No. of permutations 
= 9999; R=0.017, p= 0.363. No. of permutations= 9999, respectively). Percent quartz 
composition was higher at Stuart than at any other site, and lower at Coral Cove than at 
any other site except City Beach. Median grain size was lower at Stuart than at any other 
site except Fort Lauderdale. 
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Table 13. ANOSIM (R Statistic and P-Value) and SIMPER analysis (Differences) results. Positive 
parameter values of percent quartz, mean sphericity and median grain size indicate that the first 
site has a higher value than the second of a pair, e.g., percent quartz at Stuart is 31.6% higher on 
average than at Coral Cove, and median grain size is 0.066 mm lower than at Coral Cove. 
 
3.3.3 Relationships 
The data showed few significant relationships between sediment parameters and 
community structure. Median grain size correlated negatively with infaunal abundance (ρ 
= -0.213, S = 650778.1, p = 0.0001754), species richness (ρ = -0.308, S = 603787.4, p = 
0.01026), Shannon-Wiener Diversity Index (H’) (ρ = -0.313, S = 653508.6, p = 0.0001321) 
(Figure 13), and both amphipod (ρ = -0.411, S = 702249.7, p-value = 3.069e-07) and 
cumacean abundances (ρ = -0.211, S = 602861.6, and p-value = 0.01096). By contrast, 
amphipod abundance correlated positively with percent quartz composition (ρ = 0.240, S 
= 378003.3, p-value = 0.003703; y= 1.947 x -0.01774).  
BEST Analysis showed limited correlation between community composition and 
sediment parameters (ρ = 0.051, p = 0.116, no. of permutations= 9999), indicating sediment 
parameters accounted for only 5.1% of the total variation in community composition. The 
communities correlated positively with mean sphericity (0.051) and negatively with 
median grain size (-0.049) and percent quartz (-0.07).  
Site Comparisons R Statistic P-Value Percent Quartz Mean Sphericity Median Grain Size
Stuart to Coral Cove 0.741 0.01 0.316 -0.066
Stuart to City Beach 0.622 0.01 0.392 -0.163
Stuart to Lake Worth 0.543 0.01 0.239 -0.167
Stuart to South Beach 0.16 0.04 0.101 -0.006
Stuart to Fort Lauderdale 0.183 0.02 0.072 0.101
Coral Cove to City Beach 0.442 0.01 0.076 0.114 -0.097
Coral Cove to Lake Worth 0.153 0.01 -0.077 0.024 -0.101
Coral Cove to South Beach 0.641 0.01 -0.215 0.07 0.06
Coral Cove to Fort Lauerdale 0.683 0.01 -0.244 0.167
City Beach to Lake Worth 0.276 0.01 -0.153 -0.004 -0.09
City Beach to Fort Lauderdale 0.538 0.01 -0.32 0.264
City Beach to South Beach 0.669 0.01 -0.291 0.157
Lake Worth to South Beach 0.426 0.01 0.161 -0.138 0.046
Lake Worth to Fort Lauderdale 0.586 0.01 0.268 0.264
South Beach to Fort Lauderdale 0.171 0.07 0.107 -0.029 -0.058
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Figure 13. Three scatterplots showing negative relationships of infaunal abundance (top left; y = -
0.01608 x + 0.72233), species richness (top right; y = -2.326 x + 5.169), and Shannon-Weiner 
Diversity Index (H’) (y = -0.4829 x + 1.2011) with median grain size (mm). 
  
Spearman’s rank correlation tests determined that mean sphericity was negatively 
correlated with species richness (S) (ρ = 0.190, S = 592067.6, p-value = 0.02273; y = -
3.466x + 5.718) and negatively with polychaetes (ρ = -0.275, S=634383.9, p-value = 
0.0009; y = -16.88 + 16.50), but rather positively with isopods (ρ = -0.182, S=406887.2, 
p-value = 0.02869; y = 12.518 x – 4.879). Total infaunal abundance correlated positively 
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with Shannon-Weiner Diversity index (ρ = 0.482, S= 257875.7, p = 9.272e-10; y = 0.01608 
x + 0.72233) (Figure 14). 
Figure 14. Scatterplot of the Shannon-Wiener Diversity values and infaunal abundance. 
 
4. DISCUSSION 
4.1 Community Analysis  
 The results of this study indicate that nearshore macroinfaunal community 
structure along the southeastern Florida coast varies significantly relative to environment 
in several ways, although the details are often not consistent and vary through the year. 
Assemblages consisted of a total of 31 species dominated by a small number of polychaete 
and peracarid crustaceans also found in previous infaunal surveys in the region. Although 
polychaetes generally dominated, isopods contributed importantly at several stations, but 
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chiefly only in May and February. Similarly, cumaceans, mysids and amphipods 
represented substantial components of the fauna only at a few sites in a few months. 
Organism abundance was highest in August only at four sites and lowest in February only 
at three sites, so samples would have to be taken in multiple years to clarify any potential 
seasonal signal. Abundance showed no signal relative to latitude. However, both species 
richness and diversity index recorded generally increasing trends from north to south in 
three of the four months sampled (except May), and diversity index correlated positively 
with abundance (Figure 14). This relationship supports Hanski et al. (1993), who noted 
that, as species diversity increases, abundance also increases. 
 Sediment characters were the primary environmental variables treated. 
Proportions of silica and carbonate did not follow the expectation that the former would 
decrease and the latter increase from north to south (Houston and Dean 2014). The mean 
composition of sediment across all months at the Stuart site, in Martin County, was lower 
in carbonate by grain count (32.67%) than the sites in Palm Beach County (67.3%) and the 
site in Broward County (44.4%).  Instead, mean carbonate content exhibited a humped 
pattern in May, August and November, increasing from Stuart to City Beach, and 
diminishing southward to Fort Lauderdale, although only May and August showed overall 
decrease from north to south; the overall pattern was reversed in November, apparently 
due to particularly low carbonate contributions at Stuart, perhaps associated with strong 
weather conditions. This humped pattern corresponds to the distribution of offshore 
seafloor features. The three sites with the highest mean carbonate content in all months, 
Coral Cove, City Beach and Lake Worth, lie adjacent to the deep ridge complex mapped 
by Walker (2012) and Walker and Klug (2014), which terminates at the Martin/Palm Beach 
County border. This is a far more areally extensive carbonate environment than the narrow 
reef complexes to the south off Broward County. No coastal source of carbonate exists 
further north (Walker and Klug 2014). In February, a low carbonate contribution at City 
Beach disrupted the humped pattern, although the north to south increase in carbonate was 
maintained.  
 Median grain sizes at all sites differed significantly during at least one monthly 
sampling. The City Beach and Lake Worth sites had significantly higher grain sizes than 
all other sites, perhaps associated with their proximity to the source of carbonate and the 
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Florida Current (Walker 2012). The Fort Lauderdale site had the lowest median grain size 
for all months except February.   
 Mean sphericity did not exhibit an overall trend, but Coral Cove had the two most 
spherical (closest to 1) values, which may be due to its critically eroded status, because 
sphericity plays a major role in the erodability of sediments (Division of Water Resource 
Management 2015; Krumbein 1941). 
 Although weak, a consistent positive relationship appeared between organism 
abundance, richness and diversity index and smaller median grain size (Figure 13). Of the 
two sites with the lowest median grain size (Figure 8), Stuart samples contained the most 
abundant macroinfauna in August and February, and second most abundant in May, and 
Fort Lauderdale had the highest abundance in November. But, Fort Lauderdale had a lower 
median grain size than Stuart and in August was third in abundance behind Stuart and City 
Beach, the latter having the highest median grain size of any site overall.    
 The polychaetes Armandia agilis, P. fulgens, and L. fragilis all belong to families 
characterized as non-selective, deposit-feeding burrowers, which tend to prefer finer 
sediments (Fauchald and Jumars 1979). All three dominated the Stuart and Fort Lauderdale 
samples, perhaps reflecting overall finer grain sizes. Similarly, the local amphipods are 
non-selective deposit feeders, and were proportionately more abundant at South Beach and 
Fort Lauderdale, which both had low median grain sizes. By contrast, Dispio uncinata, a 
selective, surface deposit-feeder, was more common at City Beach, which had the highest 
median grain size, perhaps reflecting its feeding strategy; this species is able to avoid 
ingesting larger sediment particles which may hinder digestion (Fauchald and Jumars 
1979).  
 No significant difference appeared in diversity indices between replenished 
versus non-replenished sites, although this may be due to a number of unmeasured factors: 
the proper matching of grain sizes by officials during beach replenishments, the time 
elapsed since the last replenished (variable depending on site), seasonal extremes in 
temperature or current, salinity, wave action, storm occurrence, or other anthropogenic 
influences. The two sites with the highest Shannon-Wiener Diversity values were South 
Beach, which was recently replenished, and Fort Lauderdale, which was not. These two 
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sites had two of the three lowest median grain sizes recorded and two of the three lowest 
percentages of carbonates in the sediment. 
 As previous studies have noted the negative effects of beach replenishment 
(Peterson et al. 2000, 2006; Peterson and Bishop 2005; Speybroeck et al. 2006; Wilber et 
al. 2009; Leewis et al. 2012; Schlacher et al. 2012; Van Tomme et al. 2013; Manning et 
al. 2014), this study’s lack of correlation between recency of replenishment and positive 
community parameters (increased abundance, richness, diversity) suggests that 
replenishment has not had a major long-term negative affect on local infauna. However, 
the sites in this study were located on populated public beaches, which may have also 
played a role in determining community structure.  
 However, when analyzing diversity index trends, it is important to note that 
values depend on the total number of samples collected, and that the values are more 
affected by the more common species than the rare species. As a result, trends may be 
skewed due to the relatively high contributions of A. agilis, L. fragilis, P. fulgens, A. 
depressus, and E. piperata. Dominance by these five species was consistent throughout the 
study, which reduces error, but the index value is solely a comparison among communities 
between sites and seasons. Although the species diversity index increased north to south, 
the range of the study sites was 115 km, which is a small scale by which to identify any 
latitudinal gradient; a study covering more distance is needed to identify latitudinal trends 
or breaks along Florida’s east coast. 
4.2 Community and Environmental Factors 
The BEST analysis indicated that the environmental parameters measured in this 
study do not predict community composition, implying that other factors, such as 
temperature, salinity, or turbidity, may play significant roles in dictating local nearshore 
macroinfaunal assemblages. For example, August had the highest temperature among 
months of collection, which may affect infaunal abundances (Gyory 2013). This study 
supports the idea that grain size may act, at least in part, as a controlling variable for 
community composition (Wieser 1959; Nordstrom 2005; Van Tomme et al. 2013; Eede et 
al. 2014; Jumars et al. 2015). The study also supports the idea of a latitudinal gradient for 
species richness and diversity, but it is difficult to confirm this, as the study spanned only 
about 115 km.  
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4.3 Conclusion 
The current study supports the claims for increasing species diversity approaching 
the equator from the north and decreasing diversity as grain size increases (Moyer et al. 
2003; Van Tomme 2013). It also notes that significant differences in community 
compositions are associated with the polychaete species, such as P. fulgens, A. agilis, and 
D. uncinata, and the isopod species, E. piperata, and A. depressus. This has important 
implications for determining effects of different disturbances on abundance and diversity 
of organisms.  
4.3.1 For the Future 
 The data describe assemblages at the six sites quarterly over the course of one 
year. The lower February infaunal abundances were expected due to decreased winter 
temperature, but August abundances were not uniformly highest. Nonetheless, the range in 
reported infaunal abundances, richness and diversity provide realistic tentative limits on 
expected assemblage parameters for comparison with future studies. Such surveys should 
also take into account additional factors, including temperature, wind, current, and 
shoreline use, which may all have effects on nearshore macroinfaunal assemblages. In 
addition, surveys should 1) collect samples more frequently than quarterly, and span 
periods greater than one year to account for intra- and interannual variation and clearly 
identify seasonal signals, and 2) span a sampling area across a greater distance (e.g., 
perhaps 300 km) along the coast to more clearly establish any latitudinal gradient and 
identify possible biogeographic boundaries. The data can also only be strengthened by, if 
at all possible, controlling for the effects of beach replenishments. Nonetheless, the project 
offers the initial data as a baseline for future work along the nearshore sedimentary 
environments of southeastern Florida. 
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